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(54) Clamping apparatus witli datum function 

(57) A clamp pallet (2) is fixed to a table (1) of a 
machining center. A worl< pallet (3) has a positioning 
hole (12) and an engaging hole (13) formed in order 
from a lower side. A plug portion (21) projects upwards 
from the clamp pallet (2). A shuttle member (23) is ver- 
tically movably fitted onto the plug portion (21). A coned 
disc spring (24) urges the shuttle member (23) upwards. 
The shuttle member (23) has a tapered surface (28) 
with which the positioning hole (12) makes a tapering 
engagement. A pull rod (31) is inserted into the plug 
portion (21). The pull rod (31) pushes engaging balls 
(34) to the engaging hole (13), thereby driving the work 
pallet (3) downwards. 
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Description 

BACKGROUND OF THE INVENTION 

1. Technical Field 

[0001] The present invention relates to a clamping 
apparatus with datum function and more particularly to 
an apparatus for precisely aligning a work pallet or the 
like movable member with a table of a machining center 
or the like reference member and fixing the former to the 
latter. 

2. Description of the Earlier Technology 

[0002] There is a conventional technique recited in 
Japanese Patent Public Disclosure No. 11-10468 as an 
example of the clamping apparatus of this type. The 
conventional technique is constructed as follows. 
[0003] A retracting nipple fixed to a movable mem- 
ber has a flange fitted into a fitting straight hole formed 
in a support surface of a reference member, thereby 
making an axis of the straight hole coincident with that 
of the retracting nipple. Thereafter, the retracting nipple 
is pulled to fix the movable member to the reference 
member. 

[0004] However, the conventional technique has the 
following problem. 

[0005] In order to smoothly attach the movable 
member to the reference member, a diametrical fitting 
gap is required between the fitting straight hole and the 
flange. The existence of that fitting gap reduces the pre- 
ciseness of alignment between the both members. 

SUMMARY OF THE INVENTION 

[0006] The present invention aims at making it pos- 
sible to smoothly attach the movable member to the ref- 
erence member and to precisely align the both 
members with each other. 

[0007] In order to accomplish the above aim, an 
invention of claim 1 has constructed a clamping appara- 
tus with datum function in the following manner, for 
example, as shown in Figs. 1 to 4 or in Fig. 5. 
[0008] The clamping apparatus with datum function 
aligns a movable member (M) with a reference member 
(R) and fixes a surface (T) to be supported of the mova- 
ble member (M) to a support surface (S) of the refer- 
ence member (R). The surface (T) to be supported of 
the movable member (M) is opened to provide a socket 
bore 1 1 , in which a positioning hole 12 and an engaging 
hole 13 are formed in order from an opened end. An 
annular plug portion 21 to be inserted into the socket 
bore 11 projects from the reference member (R). 
Arranged between the plug portion 21 and the position- 
ing hole 12 is a shuttle member 23 which expands and 
contracts diametrically. The shuttle member 23 is sup- 
ported by one 21(12) of the plug portion 21 and the 



positioning hole 12 so as to be^^^y movable within a 
predetermined range. It can also make a tapering 
engagement with the other 12(21). The shuttle member 
23 has a tapered surface 28 fonned so as to nan^ow 

5 toward the engaging hole 1 3. A resilient member 24 
urges the shuttle member 23 in a direction for tightening 
the tapering engagement. A pull rod 31 is inserted axi- 
ally movably into a cylindrical hole 21a of the plug por- 
tion 21 . The pull rod 31 has an outer peripheral space in 

10 which there is an^nged an engaging member 34 mova- 
ble between a radially outward engaging position (X) 
and a radially inward disengaging position (Y). A driving 
means (D) provided in the reference member (R) drives 
the pull rod 31 for clamping in a direction toward a base 

15 end (a first end), thereby enabling an output portion 36 
of the pull rod 31 to switch over the engaging member 
34 to the engaging position (X) for engaging it with the 
engaging hole 13 to move the movable member (M) 
toward the reference member (R). The driving means 

20 (D) drives the pull rod 31 for unclamping in a direction 
toward a leading end (a second end), thereby allowing 
the engaging member 34 to switch over to the disengag- 
ing position (Y). 

[0009] The invention of claim 1 produces the follow- 

25 ing function and effect. 

[0010] When clamping a movable member to a ref- 
erence member, first, the movable member automati- 
cally moves while aligning by a guide action of a tapered 
surface of a shuttle member to make an axis of a posi- 

30 tioning hole of the movable member precisely coinci- 
dent with that of a plug portion of the reference member. 
Next, the shuttle member compresses a resilient mem- 
ber and axially moves, thereby enabling a support sur- 
face of the reference member to receive a surface to be 

35 supported of the movable member. Thus the movable 
member is constrained through the tapered surface of 
the shuttle member by the plug portion as well as by the 
support surface. As a result, the movable member can 
be precisely and strongly positioned and fixed to the ref- 

40 erence member. 

[0011] According to the present invention, the 
tapered surface of the shuttle member can guide the 
movable member while it Is aligning, which results in the 
possibility of smoothly attaching the movable member to 

45 the reference member. Further, differently from the con- 
ventional technique, the present invention can get rid of 
a diametrical fitting gap between members to be con- 
nected to one another and therefore can align the mov- 
able member with the reference member with a high 

50 accuracy. 

[0012] In addition, the plug portion is disposed in 
the reference member provided with a driving means. 
When compared with a case where the reference mem- 
ber is provided with a socket bore, the present invention 

55 can prevent chips or the like foreign matters from invad- 
ing the driving means. Therefore, it Is possible to use 
the clamping apparatus in a good condition over a long 
period of time. 
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[0013] The present inventionTs preferably con- 
structed as indicated by an invention of claim 2. 
[001 4] For example, as shown in Figs. 2 to 4, the 
shuttle member 23 has an inner peripheral surface 
formed by a straight surface 27 and an outer peripheral s 
surface constructed by a tapered surface 28. The 
straight surface 27 is supported by the plug portion 21 
so as to be axially movable and the tapered surface 28 
makes a tapering engagement with the positioning hole 

12. 70 

[0015] The invention of claim 2 has equipped the 
shuttle member in the reference member. Accordingly, 
in the case where a large number of movable members 
are attached to and detached from one reference mem- 
ber, it is sufficient even if the shuttle member is is 
equipped in a small number. This can construct a 
clamping system simply. 

[0016] As Indicated by an invention of claim 3, the 
invention as set forth in claim 1 or 2 is preferably con- 
structed in the following manner. 20 
[0017] For example, as shown in Fig. 3, when the 
pull rod 31 Is driven for unclamping, a leading end of the 
pull rod 31 pushes a top wall 1 1 a of the socl<et bore 1 1 , 
thereby forming a fitting gap (a) on the tapered surface 
28 of the shuttle member 23 and a contact gap (P) 25 
between the support surface (S) and the surface (T) to 
be supported. 

[0018] The Invention of claim 3 produces an effect 
of being able to easily remove the movable member 
from the reference member owing to the existence of 30 
the above-mentioned fitting gap and contact gap. 
[0019] As indicated by an invention of claim 4, the 
invention as set forth in any one of claims 1 to 3 is pref- 
erably constructed in the following manner. 
[0020] The reference member (R) Is provided with a 35 
supply port 41 for cleaning fluid and the leading end of 
the pull rod 31 is provided with a blowout hole 42 for the 
cleaning fluid. The supply port 41 communicates with 
the blowout hole 42 through a flow passage 44 within 
the pull rod 31. 40 
[0021] The Invention of claim 4 produces an effect 
of being able to prevent misengagement between the 
reference member and the movable member because 
the cleaning fluid discharged through the blowout hole 
can clean the fitting gap and the contact gap between 45 
the both members. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0022] 



50 



Fig. 1A to Fig. ID and Fig. 2 to Fig. 4 show a first 
embodiment of the present invention; 
Fig. 1 A Is a schematic view in elevation of a clamp- 
ing system utilizing the present invention; 55 
Fig. 1B is a view when seen along a line IB-IB in 
Fig. 1 A in a direction designated by arrows; 
Fig. ICIs a view when seen along a line 1C-1C In 
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Rg. 1A in a direction d^^^ted by arrows; 
Fig. 1 D is an enlarged view of an essential part Indi- 
cated by an arrow 1 D in Fig. 1 B. 
Rg. 2 shows a clamping apparatus provided In the 
clamping system and is a sectional view in eleva- 
tion illustrating that a movable member starts being 
attached to a reference member; 
Fig. 3 shows that the movable member has been 
attached to the reference member and corresponds 
to Rg. 2;. 

Fig. 4 shows that the movable member has been 
fixed to the reference member and con^esponds to 
Rg. 2; and 

Rg. 5 shows a second embodiment of the clamping 
apparatus and con-esponds to Fig. 4. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0023] A first embodiment of the present invention 
is explained based on Fig. 1 A to Fig. ID as well as on 
Fig. 2 to Rg. 4. 

[0024] First, by relying on Fig, 1A to Fig. 1D and 
Fig. 2, explanation is given for a clamping system utiliz- 
ing a clamping apparatus with datum function according 
to the present invention. 

[0025] A clamp pallet 2 of a reference member (R) 
is fixedly provided on an upper surface of a table 1 of a 
machining center. A work pallet 3 of a movable member 
(M) is fixed to the clamp pallet 2 by a first clamping 
apparatus 4 and a second clamping apparatus 5 both 
with datum function and by third clamping apparatuses 
6,6 without datum function. Although not shown, a plu- 
rality of workpieces can be attached to and detached 
from an upper surface of the work pallet 3 by other 
clamping apparatuses. 

[0026] The first clamping apparatus 4 Is provided 
with a first datum clamp 4a fixed to the clamp pallet 2 
through a plurality of bolts 8 and with a first datum ring 
4b fixed to the work pallet 3 through a plurality of bolts 
9. And mainly shown in Fig. 2, the first datum clamp 4a 
has a plug portion 21 onto which a shuttle member 23 is 
fitted. The shuttle member 23 has a tapered surface 28 
with which a tapered positioning hole 12 of the first 
datum ring 4b can make a precise fitting engagement 
on a reference axis (G) (see Fig. 1 B). 
[0027] Besides, the second clamping apparatus 5 is 
provided with a second datum clamp 5a fixed to the 
clamp pallet 2 and with a second datum ring 5b fixed to 
the work pallet 3. The second datum clamp 5a is con- 
structed identical to the first datum clamp 4a. The sec- 
ond datum ring 5b differs from the first datum ring 4b in 
that It comprises concaving the tapered positioning hole 
12 to form a pair of release surfaces 14,1 4 as shown in 
Fig. IB and Fig. ID. The tapered positioning hole 12 of 
the second datum ring 5b has remaining portions 
12b,12b brought into a fitting engagement with the 
tapered surface 28 of the shuttle member 23 fitted onto 
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the plug portion 21 of the second datum clamp 5a. This 
can position the work pallet 3 peripherally and accu- 
rately with respect to the reference axis (G) and can 
absorb a radial error caused with respect to the refer- 
ence axis (G) owing to the existence of the paired 5 
release surfaces 14,14. 

[0028] The third clamping apparatus 6 has only a 
clamping function. And it comprises a clamp 6a and a 
guide ring 6b neither of which has the datum function. 
More specifically, the clamp 6a has the structure of the 10 
first datum clamp 4a, but it excludes the shuttle member 
23 (as well as a coned disc spring 24 and a retaining 
ring 25 to be mentioned later). The guide ring 6b has the 
structure of the socket bore 1 1 of the first datum ring 4b 
except the tapered positioning hole 12. Although the is 
third clamping apparatus 6 is provided in two sets here, 
it may be provided in one set and further in at least three 
sets. 

[0029] Hereafter, a concrete structure of the first 
clamping apparatus 4 with datum function is explained 20 
by relying on Figs. 2, 3 and 4. Fig. 2 shows that the work 
pallet 3 starts being attached to the clamp pallet 2. Fig. 
3 shows that the work pallet 3 has been attached to the 
clamp pallet 2. Fig. 4 shows that the work pallet 3 has 
been fixed to the clamp pallet 2. 25 
[0030] The work pallet 3 has a bottom surface 
opened to form a socket bore 1 1 circular In horizontal 
section and facing downwards. The socket bore 11 
comprises the first datum ring 4b fomned with the 
tapered positioning hole 12 and with a tapered engag- 30 
ing hole 1 3 in order from a lower side. While the tapered 
positioning hole 12 is formed to narrow upwardly, the 
tapered engaging hole 13 is formed to narrow down- 
wardly. 

[0031] The first datum ring 4b has an outer periph- 3S 
eral portion projecting downwards. The annular projec- 
tion has a bottom surface which forms a surface (T) to 
be supported. 

[0032] The first datum clamp 4a comprises a cover 
block 1 6 fixed to the clamp pallet 2 through the plurality 40 
of bolts 8, a piston 1 7 hermetically inserted between the 
cover block 1 6 and the clamp pallet 2, a hydraulic cham- 
ber 1 8 formed downwards of the piston 1 7, and a clamp 
spring 1 9 attached between the piston 1 7 and the cover 
block 1 6. Here the clamp spring 1 9 comprises a plurality 45 
of coned disc springs vertically superposed one on 
another, but it may comprise a cornpression coll spring. 
[0033] The piston 1 7, the hydraulic chamber 1 8 and 
the clamp spring 19 compose a driving means (D). 
[0034] The cover block 1 6 has an outer peripheral so 
portion projecting upwards. The annular projection has 
an upper surface which fornis a support surface (S). 
The cover block 16 has a mid portion from which an 
annular plug portion 21 projects upwards. The plug por- 
tion 21 is inserted into the socket bore 11. ss 
[0035] The plug portion 21 has a lower portion onto 
which the annular shuttle member 23 is fitted. The shut- 
tle member 23 is urged upward through a coned disc 
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eived by a retain- 



spring (resilient member) 24 j 
ing ring 25. 

[0036] Speaking it in more detail, the annular shut- 
tle member 23 has an inner peripheral surface fonmed 
by a straight surface 27 and has an outer peripheral sur- 
face constructed by the tapered surface 28. The tapered 
surface 28 and the straight surface 27 can diametrically 
expand and contract by providing slits in an annular wall 
of the shuttle member 23 or grooves in the inner periph- 
eral surface thereof (either of which is not shown). The 
straight surface 27 is supported by an outer peripheral 
surface of the plug portion 21 so as to be axially mova- 
ble. The tapered surface 28 is formed to narrow 
upwards so as to make a tapering engagement with the 
tapered positioning hole 12. The tapered surface 28 has 
a taper angle, which is preferable within a range of 
about 4 degrees to about 20 degrees and is more pref- 
erable within a range of about 6 degrees to about 15 
degrees. Here it is set to about 1 0 degrees. 
[0037] The plug portion 21 has a cylindrical hole 
21a into which a pull rod 31 is axially movably inserted. 
The plug portion 21 has a mid height portion provided 
with a plurality of through holes 33 peripherally spaced 
apart from each other at a predetermined interval. Each 
of the through holes 33 supports an engaging ball 
(engaging member) 34 so that the engaging ball 
(engaging member) 34 can move between a radially 
outward engaging position (X) (see Fig. 4) and a radially 
inward disengaging position (Y) (see Fig. 2). The ball 34 
is prevented from Jumping out by a radially reduced por- 
tion 33a at an outer end of the through hole 33. 
[0038] An outer peripheral surface of the pull rod 31 
has an upper portion at which a pushing surface (output 
portion) 36 and a retreat groove 37 are formed in verti- 
cal continuity in con^espondence with each of the balls 
34. The pull rod 31 has a lower portion fixed to the pis- 
ton 1 7 through a tightening bolt 39. 
[0039] Further, there is provided a means for clean- 
ing the fitting surfaces of the first clamping apparatus 4. 
More specifically, the clamp pallet 2 is provided with a 
supply port 41 for compressed air (cleaning fluid) and 
the pull rod 31 is provided at its upper end portion with 
a blowout hole 42 obliquely and upwardly. The supply 
port 41 communicates with the blowout hole 42 through 
a horizontal flow passage 43 within the cover bolt 16 
and a vertical flow passage 44 within the pull rod 31. 
The vertical flow passage 44 is sealed by vertically 
anBnged O-rings 45 and 46. 

[0040] It is sufficient if the blowout hole 42 is pro- 
vided at one portion. However, preferably, a plurality of 
the blowout hole 42 are provided and peripherally 
spaced apart from each other at a predetermined inter- 
val. 

[0041] The cleaning means is provided in the sec- 
ond clamping apparatus 5 and the third clamping appa- 
ratuses 6,6 as well as in the first clamping apparatus 4. 
[0042] The first clamping apparatus 4 operates in 
the following manner as shown in Figs. 2 to 4. 
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[0043] In a state shown by Figr^pressurized oil is 

supplied to the hydraulic chamber 1 8 through a pressu- 
rized oil supply and discharge passage 48. Thus the 
hydraulic chamber 18 produces an oil pressure by 
which the piston 17 raises the pull rod 31 against the 5 
clamp spring 19 and each ball 34 faces the retreat 
groove 37 to become movable to the illustrated disen- 
gaging position (Y). in addition, the coned disc spring 
24 holds the shuttle member 23 at a raised position. 
[0044] And as shown in Fig. 2, when the work pallet 10 
3 has descended with respect to the clamp pallet 2, the 
socket bore 1 1 has a tapered guide hole 1 1 b guided by 
a tapered guide surface 21b of the plug portion 21 to 
result in making an axis of the socket bore 1 1 substan- 
tially coincident with that of the plug portion 21 . 15 
[0045] In the state shown by Fig. 2, when cleaning 
compressed air is supplied to the supply port 41, it is 
vigorously discharged through the blowout hole 42. The 
discharged compressed air cleans a top surface and a 
peripheral surface of the socket bore 1 1 and thereafter 20 
is discharged downwards. 

[0046] When the work pallet 3 further descends, the 
tapered positioning hole 12 is guided by the tapered 
surface 28 of the shuttle member 23. Subsequently, as 
shown in Fig. 3, the socket bore 11 has a top wall 11a 25 
brought into contact with an upper surface of the pull rod 
31 , thereby enabling the pull rod 31 to receive the work 
pallet 3. 

[0047] In a state shown by Fig. 3, the compressed 
air discharged through the blowout hole 42 cleans a sur- 30 
face of the engaging hole 13, a fitting gap (a) between 
the tapered surface 28 of the shuttle member 23 and the 
tapered positioning hole 12, and a contact gap (P) 
between the support surface (S) and the surface (T) to 
be supported in order. Thereafter, it is discharged to an 35 
exterior area. Preferably, the tapered positioning hole 12 
is formed with a plurality of blow grooves 12a peripher- 
ally spaced apart from each other at a predetermined 
interval. Further, the coned disc spring 24 has a cavity 
at its lower portion. Preferably, the cavity is communi- 40 
cated with the horizontal flow passage 43 through a 
branched passage (not shown) to thereby supply the 
cleaning compressed air to this cavity. 
[0048] In the state shown by Fig. 3, when discharg- 
ing the pressurized oil of the hydraulic chamber 18 45 
through the supply and discharge passage 48, the 
clamp spring 19 strongly lowers the pull rod 31 through 
the piston 1 7. Then, first, the work pallet 3 descends by 
its own weight following the lowering of the pull rod 31 to 
bring the tapered positioning hole 12 into contact with so 
the tapered surface 28 of the shuttle member 23. This 
allows the work pallet 3 to slightly compress the coned 
disc spring 24 through the shuttle member 23 and 
moves the tapered positioning hole 12 while it is align- 
ing to make its axis coincident with an axis of the plug 55 
portion 21. 

[0049] Substantially at the same time as this opera- 
tion, as shown in Fig. 4, each pushing surface 36 of the 



pull rod 31 pushes each oi^^balls 34 to the radially 

outward engaging position (X). The radial pushing force 
is converted to a downward force through the tapered 
engaging hole 13. The downward force strongly lowers 
the work pallet 3. 

[0050] Then the tapered positioning hole 1 2 makes 
a strong tapering engagement with the tapered surface 
28 of the shuttle member 23 and moves while aligning. 
This makes the axis of the tapered positioning hole 12 
precisely coincident with that of the plug portion 21 and 
further lowers the shuttle member 23 against the coned 
disc spring 24, thereby enabling the support surface (S) 
to receive the surface (T) to be supported. Thus the 
work pallet 3 is constrained horizontally through the 
shuttle member 23 which the tapered positioning hole 
12 has radially reduced, by the plug portion 21 and ver- 
tically by the support surface (S). As a result, the work 
pallet 3 can be precisely and strongly positioned and 
fixed to the clamp pallet 2. 

[0051] After the clamping has been completed as 
shown in Fig. 4, the contact gap (P) shown in Fig. 3 dis- 
appears to airtightly seals a space between the support 
surface (S) and the surface (T) to be supported. There- 
fore, the cleaning compressed air loses its way of 
escape to increase the pressure of the supply port 41 . A 
pressure switch (not shown) detects the pressure 
increase to result in the possibility of automatically con- 
firming the above-mentioned completion of the clamp- 
ing. 

[0052] When confirming the completion of the 
clamping, it Is preferable to reduce the pressure of the 
compressed air to a lower one than that of the cleaning 
compressed air and to detect the increased pressure of 
the compressed air of the lower pressure. 
[0053] When changing a clamping condition shown 
in Fig. 4 over to an unclamping condition shown in Rg. 
3, it suffices If the pressurized oil is supplied to the 
hydraulic chamber 1 8 in the state shown in Fig. 4. Then, 
as shown in Fig. 3, the hydraulic chamber 18 produces 
an oil pressure by which the piston 17 raises the pull rod 
31, thereby allowing each of the balls 34 to face the 
retreat groove 37 to switch over (shown to have already 
switched over in Rg. 3) to the disengaging position (Y) 
and bringing the pull rod 31 into contact with the top wall 
1 la of the socket bore 1 1 to push up the work pallet 3. 
This fomns the fitting gap (a) on an upper side of the 
shuttle member 23 and the contact gap (P) on an upper 
side of the support surface (S). In consequence, the 
work pallet 3 can be easily removed from the clamp pal- 
let 2. 

[0054] In the first embodiment, the lower clamp pal- 
let 2 is provided with the plug portion 21 and the upper 
work pallet 3 is provided with the socket bore 1 1 . Owing 
to this an^ngement, it is possible to prevent chips or the 
like foreign matters from invading the clamping appara- 
tus during the working of the machining center. 
[0055] Additionally, the shuttle member 23 has a 
lower space covered with the coned disc spring 24. This 
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can prevent foreign matters from iriVHTng the lower 

space to smoothly move up and down the shuttle mem- 
ber 23, The coned disc spring 24 may be provided in 
plural number and superposed one on another instead 
of providing a single one. Further, it may be replaced 5 
with a compression coil spring or the like other kinds of 
springs. 

[0056] A space for accommodating the clamp 
spring 1 9 communicates with the exterior area through 
a breather passage 49. Preferably, although not shown, 10 
the breather passage 49 is provided with a check valve 
seat and a check valve chamber in order from an inner 
side to urge a check member inserted into the check 
valve chamber toward the check valve seat through a 
weak spring. This can prevent foreign matters such as is 
dust and cutting lubricant in the atmosphere from invad- 
ing the clamping apparatus. 

[0057] Rg. 5 shows a second embodiment of the 
present invention and corresponds to Fig, 4. In this sec- 
ond embodiment, the same constituent members as 20 
those in the first embodiment are, in principle, desig- 
nated by the same characters. Then explanation is lim- 
ited to a construction different from that of the first 
embodiment. 

[0058] A clamp block 51 is fixed to an upper surface 2S 
of the clamp pallet 2 through pushing members 52 and 
bolts 53. The piston 17 is hennetically inserted into the 
clamp block 51. 

[0059] The positioning hole 1 2 of the socket bore 1 1 
formed in the work pallet 3 is made straight. The straight 30 
surface 27 on a periphery of the shuttle member 23 is 
vertically movably supported by the straight positioning 
hole 12. The shuttle member 23 is urged downwards by 
the resilient member 24 made of rubber and is inhibited 
from descending by the retaining ring 25 attached to a 35 
lower portion of the positioning hole 12 in fitting relation- 
ship. 

[0060] The shuttle member 23 has an inner surface 
formed with the tapered surface 28, which makes a 
tapering engagement with an outer peripheral surface 40 
of the plug portion 21 . The tapered surface 28 is formed 
so as to narrow upwardly. 

[0061] The foregoing respective embodiments can 
be modified as follows. 

[0062] The reference member (R) may be a table of 4S 
the machining center or the like various machines 
instead of the exemplified clamp pallet 2. The movable 
member (M) may be a workplace instead of the exempli- 
fied work pallet 3. The reference member (R) and the 
movable member (M) may be arranged in a vertically so 
reversed manner and may be connected to each other 
horizontally or obliquely instead of vertically as exempli- 
fied. 

[0063] Further, it is a matter of course that a clamp- 
ing apparatus with datum function of the present inven- ss 
tion can be used to clamp not only the work pallet and 
the workpiece but also a metal die, an attachment or the 
like. The clamping apparatus with datum function can 
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be employed not only in plural ^^^^^ ^'^^ 'i^ ^^ly ^ sin- 
gle set. 

[0064] Besides, the shuttle member 23 of the 
clamping apparatus is not limited to the exemplified 
annular integral structure. It may comprise a plurality of 
divided portions arranged annularly. 
[0065] In addition, the engaging member 34 of the 
clamping apparatus may be a collet which engages with 
the straight engaging hole by a frictional force or a plas- 
tic deformation force instead of the exemplified ball 
which engages with the tapered engaging hole. The 
clamping apparatus may be driven for clamping through 
fluid pressure such as oil pressure and air pressure 
instead of the spring force. 

Claims 

1. A clamping apparatus with datum function which 
aligns a movable member (M) with a reference 
member (R) and fixes a surface (T) to be supported 
of the movable member (M) to a support surface (S) 
of the reference member (R), the clamping appara- 
tus comprising: 

a socket bore (1 1 ) formed in the movable mem- 
ber (M), the socket bore (11) being provided 
with an opened end formed by opening the sur- 
face (T) to be supported and having a position- 
ing hole (12) and an engaging hole (13) fomned 
In order from the opened end; 
an annular plug portion (21) having a cylindri- 
cal hole (21a) and projecting from the refer- 
ence member (R) so as to be inserted into the 
socket bore (11); 

a shuttle member (23) having a tapered surface 
(28), which is arranged between the plug por- 
tion (21) and the positioning hole (12) and dia- 
metrically expands and contracts, the shuttle 
member (23) being supported by one of the 
plug portion (21) and the positioning hole (12) 
so as to be axially movable within a predeter- 
mined range and making a tapering engage- 
ment with the other, the tapered surface (28) for 
the tapering engagement being fonned so as 
to nan-ow toward the engaging hole (13); 
a resilient member (24) urging the shuttle 
member (23) in a direction for tightening the 
tapering engagement; 

a pull rod (31) having a first end, a second end 
and an output portion (36), the pull rod (31) 
being axially movably inserted into the cylindri- 
cal hole (21a) of the plug portion (21); 
an engaging member (34) an^anged in an outer 
peripheral space of the pull rod (31) and being 
movable between a radially outward engaging 
position (X) and a radially inward disengaging 
position (Y); 

a driving means (D) provided in the reference 
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member (R) and connectecnothe pull rod (31); 
and 

the driving means (D) driving the pull rod (31) 
for clamping in a direction toward the first end, 
thereby enabling the output portion (36) of the 5 
pull rod (31) to switch over the engaging mem- 
ber (34) to the engaging position (X) for engag- 
ing it with the engaging hole (13) to move the 
movable member (M) toward the reference 
member (R), the driving means (D) driving the io 
pull rod (31) for unclamping in a direction 
toward the second end, thereby allowing the 
engaging member (34) to switch over to the 
disengaging position (Y). 

15 

2. The clamping apparatus with datum function as set 
forth in daim 1 , wherein the shuttle member (23) 
has an inner peripheral surface and an outer 
peripheral surface, the inner peripheral surface 
being formed by a straight surface (27) and the 20 
outer peripheral surface being constructed by a 
tapered surface (28), the straight surface (27) being 
supported by the plug portion (21) so as to be axi- 
ally movable, the tapered surface (28) making the 
tapering engagement with the positioning hole (1 2). 25 

3. The clamping apparatus with datum function as set 
forth in claim 1 or 2, wherein the soclcet bore (11) 
has a top wall (11a), and when driving the pull rod 

(31 ) for unclamping in the direction toward the sec- 30 
ond end, the second end of the pull rod (31) pushes 
the top wall (1 1 a) to thereby form a fitting gap (a) for 
the tapering engagement on the shuttle member 
(23), and a contact gap (P) between the support 
surface (S) and the surface (T) to be supported. 35 

4. The clamping apparatus with datum function as set 
forth in any one of claims 1 to 3, wherein the refer- 
ence member (R) is provided with a supply port 

(41 ) for cleaning fluid and the second end of the pull 40 
rod (31) is provided with a blowout hole (42) for the 
cleaning fluid, there being provided in the pull rod 
(31) a flow passage (44) which communicates the 
supply port (41) with the blowout hole (42). 
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